Kansei values are important factors in manufacturing in Japan. Kawaii, which is a positive adjective that denotes such positive meanings as cute or lovable, becomes even more important as a kansei value. Some research has evaluated kawaii feelings by various biological signals. However, since no detailed eye tracking has been conducted yet, we employed it to identify the relationship between kawaii feelings and eye movements. We previously performed an experiment on preferences in which participants chose their favorite kawaii illustrations from six choices. However, we could not perform detailed analysis due to the complexity of the eye movements and the calibration-free data. Therefore, we improved our experiment method by randomly showing only two illustrations at a time from the six choices. From our analyzed results, we clarified the relationship between kawaii feelings and eye movements and identified two new indexes.
INTRODUCTION
For more than twenty years, Kansei engineering, which is a consumer-oriented methodology for product development, has been recognized as an important part in a broad range of Japanese manufacturing. Kansei engineering is defined as "technology that translates a consumer's feeling (kansei) and image for a product into physical design elements" [1] . When added to ordinary products, kansei values can increase their economic worth.
Based on their benefits, in 2007 the Japanese Ministry of Economy, Trade and Industry (METI) proposed kansei values as a new value axis, becoming the fourth most critical characteristic of industrial products after function, credibility, and cost [2] . Examples of kansei values that have been widely applied to products are enjoyment, coolness, and user friendliness. Kawaii is also considered as one kansei value that denotes such positive connotations as cute, lovable, and charming and plays an important role in the worldwide success of many products, such as Hello Kitty [3] and Pokemon [4] . Based on this success, we believe that kawaii will be a key factor for future product design and development.
Researches have explored kawaii attributes for designing kawaii products such as shape, color, size, texture, and tactile sensation [5] . Furthermore, researches have systematically studied the kawaii feelings evoked by those kawaii attributes in which the biological signals were employed including heart beats and brain waves [6] . However, eye tracking has not been scrutinized yet to study kawaii feelings. But it has been widely used in various research fields, including cognitive and experimental psychology, human-computer interaction, and product development. These researches revealed that eye tracking can recognize human emotional states and preferences. For example, the design of such daily products as wristwatches and mobile phones was evaluated using eye tracking to explore and identify the product components that attract user attention [7, 8] . Therefore, eye tracking is an effective method for evaluating the mental states or the implicit needs of people.
BACKGROUND
In our research, we employed eye tracking to evaluate kawaii feelings to find the relationship between kawaii feelings and eye movements. Previously, we experimentally determined subjective preferences for kawaii illustrations by recording eye tracking while participants chose the most kawaii illustration from six on display [9] . The result clarified the differences between favorite and most kawaii illustrations as well as the differences in preferences between genders. However, the accuracy of the eye tracking result from a calibration-free eye tracking device was insufficient to scrutinize and clarify the relationship between kawaii feelings and eye movements because the six illustrations were shown simultaneously, which complicated the eye movements.
To solve our previous experiment's problem, we improved our method by showing at a time only two illustrations randomly selected from the six options. We also enlarged the two illustrations to show their details more clearly. We calibrated the eyes of all of the participants before starting the illustration evaluations and tracked their eye movements while they chose the more kawaii illustration from the pair being displayed. Finally, they answered a questionnaire about their illustration choices, the most kawaii illustration, and their favorite illustration. From the experimental results, we analyzed the eye tracking data, the cumulative kawaii scores, and the questionnaire results. This paper describes our experiment that clarified the relationship between kawaii feelings and eye movements.
EXPERIMENTAL METHOD

Web questionnaire system
A web questionnaire system was modified from a system that evaluated kawaii ribbons [10] . As visual stimuli, that system used six illustrations (No.1 to No.6) (Figure 1 ), which were original drawings to eliminate potential preference bias from famous cartoon characters.
The six illustrations were displayed in pairs with leftright counterbalanced. The total number of compared pairs was 30. All of the system content was described in Japanese. The structure of the system is described as follows:
(1) Top page: questionnaire explanation (2) Selection of participant's gender and age (3) Explanation of illustration selections: the illustrations were displayed in pairs for five seconds. Selection of more kawaii illustrations was performed using the keyboard's left or right arrow keys. (4) Illustration selection: 30 pairs were randomly displayed for each participant. An example of this page's screenshot is shown in Figure 2 . (5) Questionnaire: three subjective questions were asked:
reason for selecting the illustrations (free description), most kawaii illustration, and favorite illustration.
After the participants submitted their questionnaires, the results of the illustration selections and the questionnaires were saved in a database. Figure 3 shows the experimental setup. The web questionnaire was accessed from the eye tracking system through a web browser, i.e., Google Chrome, whose system ran on a separate PC due to limited resources. The eye tracking system employed the EyeTech TM3 non-intrusive eye tracker (EyeTech Digital Systems, Inc.) and QG-PLUS software (DITECT Co., Ltd.) to record the eye movements and display the eye tracking data. We used a 19-inch LCD monitor with resolution of 1280 × 1024 pixels.
Experimental setup and procedures
The following are the experimental procedures:
(1) Participants sat on chairs in front of the PC. 
EXPERIMENTAL RESULTS
Participants
The experiment was performed with 38 volunteers: 14 males in their 20's, 10 females in their 20's, and 14 females 65 years or older. However, only 21 bits of eye tracking data (7 males in their 20's, 8 females in their 20's, and 6 females 65 years or older) were successfully collected due to eye calibration or eye tracking failures.
Cumulative results
The cumulative results (the kawaii scores) were collected from the total number of illustration selections from 38 participants and used to rank the illustrations. The rankings, based on cumulative kawaii scores, are shown in Table 1 . The rankings among the three participant groups were quite different.
Questionnaire results
The questionnaire results consist of three items:
(1) Number of illustrations selected as the more kawaii (2) Number of illustrations selected as favorites (3) Reasons for selecting more/favorite illustrations (free description) The results of (1) and (2) were used to rank the illustrations, as shown in Tables 2 and 3 .
The ranking results showed that the first and last rankings of Tables 1 and 2 are similar. Furthermore, the first rankings for all of the participant groups of Table 3 were the same, which shows that all three participant groups preferred illustration #4.
The participants also described why they selected the illustrations (3). We summarized the results based on the number of times that they mentioned each area in the illustrations. Most participants selected the illustrations based on eye size, face shape, and hairstyle. Other selection reasons mentioned the total atmosphere, colors, gestures, costumes, facial expressions, and the baby-like deformed shape of the illustrations.
Result of eye tracking data
Based on the rankings of the cumulative results, we only recalculated and ranked the data from the 21 participants whose eye tracking data were successfully recorded.
We employed fixation and Area of Interest (AOI). Fixation is defined as the eye state when it remains still or looks at the same spot over a period of time (threshold) that was set to 200 ms. AOI is defined as the area used to include or exclude certain segments from analysis. For this experiment's analysis, we defined two AOIs for the left-side and right-side illustrations ( Figure 4 ) and created AOIs as ellipses based on the size of illustration #4, which is the widest and tallest. Since the shape and the size of all of the other illustrations were identical, their analysis areas were balanced.
We analyzed the eye tracking data by employing six eye tracking metrics, all of which we describe in the following sections.
1) Total AOI duration (sum of durations of all eye positions inside AOI):
We analyzed the total AOI duration with two factors, the participant and illustration groups. The illustration groups include the highest kawaii score, the lowest kawaii score, the most selected kawaii illustrations, and the most Details are identical as described Table 1 , where data used for ranking are "number of illustrations selected the most kawaii" from question (1) .
Group
Ranking 
#4, #5
#2, #4 Details are identical as described Table 1 , where data used for ranking are "number of illustrations selected as favorites" from question (2) . 
#6 ( Advance Publication selected favorite illustrations. We analyzed the total AOI duration among the illustration groups for both the participants and the grouped participants. Paired t-tests identified whether a statistically significant mean difference existed between the total AOI duration among four illustration groups. The result showed a significant difference in the total AOI duration between the illustrations with the highest and lowest kawaii scores (p < 0.05) for females in their 20's. For the other illustration groups and participant groups, we found no significant differences in total duration. The result of the average total AOI duration is illustrated in Figure 5 .
2) Total number of fixations (sum of all fixations inside AOI):
We analyzed the total number of fixations with two factors: participant and illustration groups. We performed a statistical analysis with the same method as that for the total AOI duration. The result of all participants from the paired t-tests showed a significant difference in the total number of fixations between the highest and lowest kawaii scores (p < 0.05) and between the most selected kawaii and lowest kawaii score (p < 0.05) ( Figure 6 ). Furthermore, the result of the grouped participants from the paired t-tests showed a significant difference in the total number of fixations between the most selected kawaii and the lowest kawaii score (p < 0.05) and between the most favorites and the lowest kawaii score (p < 0.05) for females in their 20's. For other groups of illustrations and participant groups, there were no significant differences in the total number of fixations. The result of the average total number of fixations is illustrated in Figure 7. 3) Number of transitions between AOIs (sum of times that the eyes moved between AOIs for each pair of illustrations. We counted the eye movement from one position in an AOI to another position in another AOI as a transition):
We analyzed the number of transitions between the two AOIs for all participants and each participant group. Since we considered the illustrations pair by pair, the difference of kawaii scores between each pair was calculated from the cumulative and questionnaire results that we used to analyze this eye tracking metric. A Pearson product-moment correlation determined the relationship between the number of transitions and the differences of the kawaii scores. A scatter plot between these two variables ( Figure 8 ) shows a linear relationship with a negative correlation. The result shows a statistically significant (p < 0.05) negative correlation between the number of transitions and the differences of kawaii scores.
We also analyzed the number of transitions between AOIs for each participant group. The results showed similar tendencies as the result of all participants for both males in their 20's and females 65 or older. There were 
4) Number of matchings between last-eye-position illustrations and selected illustrations:
We collected and analyzed the matched and unmatched numbers for each pair of illustrations between the lasteye-position illustrations and the selected illustration from the cumulative and questionnaire results. Paired t-tests determined whether a statistically significant mean difference existed between the number of matched and unmatched selections for each participant group. The result from each participant group showed a significant difference in the number of matchings between the last-eye-position and the selected illustrations (p < 0.01) ( Figure 9 ).
5) Total duration of decision (time from occurrence of pair of illustrations to selection by arrow keys):
Our analysis compared the total duration to identify the differences of the kawaii scores for each participant group. A Pearson product-moment correlation determined the relationship between these two variables. A scatter plot for the female participants in their 20's ( Figure 10 ) shows a statistically significant (p < 0.10) linear relationship with a negative correlation between the total duration of decision and the differences of the kawaii scores for female in their 20's. The results for males in their 20's and females 65 or older did not show a statistical difference for the correlation. 6) Number of initial eye positions on each focused area (sum of eye positions that were first inside each focused area in AOI):
To collect the number of initial eye positions, we defined the focused areas that participants tended to look on their first glance. Since all of the illustrations were composed of human structure, we categorized the focused areas into three groups: head, body, and others. We measured and calculated the head-to-body ratios for all the illustrations using head and body heights. We also listed the objects for other areas that included the objects that surrounded the head and body. The structure information of the six illustrations is shown in Table 4 . The head-to-body ratio showed the varieties of head and body sizes. Also, there were various objects in the other areas.
We analyzed the number of initial eye positions using a two-factor ANOVA between the focused areas and the participant groups for each illustration. The result showed significant differences (p < 0.01) among the focused areas for all the illustrations. We performed a low-level analysis using the percentage of the number of first eye positions shown in Figure 11 . The head area tended to have the highest percentage of initial eye positions. In addition, the Advance Publication graph showed a tendency between genders where the numbers of first eye positions on body areas were larger in the female participants than in the male participants.
DISCUSSION
Analysis of our rankings shows the similarity of the first and last ranking tendencies between the results of the cumulative kawaii scores and the more kawaii illustrations from the questionnaire results. In addition, the first ranking tendencies of the selected favorite illustrations were similar for all the participant groups.
Our eye tracking analysis included six eye tracking metrics and the following results:
• Total AOI duration of females in their 20's showed significant differences between the illustrations with the highest and lowest kawaii scores. They tended to look longer at the kawaii illustrations, while the two other participant groups showed average attention to all the illustration groups.
• Total number of fixations of all participants showed significant differences between the illustrations with the highest kawaii scores and the selected kawaii illustrations versus illustrations with the lowest kawaii scores. The illustrations with the highest kawaii scores and the selected kawaii illustrations had more fixations.
• Total number of fixations of females in their 20's showed significant differences between selected kawaii illustrations and the illustrations with the lowest kawaii scores, and between their selected favorite illustrations and the illustrations with the lowest kawaii scores. They tended to look more frequently at their more kawaii selections and favorite illustrations.
• Number of transitions between AOIs versus the differences of kawaii scores had a significantly negative correlation for all participants, males in their 20's, and females 65 or older. For females in their 20's, the result also showed negative tendencies that resembles the other two participant groups.
• Number of matchings between the last-eye-position illustrations and the selected illustration showed a significant difference for the three participant groups. The larger number of matchings showed that the participants tended to take one final look at the illustrations they selected.
• Total duration of decision versus the differences of the kawaii scores had a significantly negative correlation for females in their 20's, who tended to take a longer time to decide if the kawaiiness of the pairs of illustrations were similar.
• Number of first fixations for each focused area showed a significant difference. The illustrations had various head and body sizes. All three participant groups looked more at the head areas than the other areas. Even though the head might be large or small, it attracted the most initial attention, showing that the participants looked first at the heads regardless of their sizes. The result of participants who looked first at the head area most corresponds to the result of question (3) where the participants selected illustrations based on eye size, face shape, and hairstyle. In another tendency, the females also first looked at the body and other areas in addition to the head than males, suggesting interest in other areas in addition to the head. From our analyzed results, females in their 20's tended to look longer and more frequently at more kawaii illustrations, suggesting that they have the strongest interest in kawaii. All participants repeatedly compared the illustrations before selecting when the kawaiiness of two illustrations were similar. Finally, our results also revealed that females tend to judge kawaiiness based on the complete atmosphere while males focused on faces.
As a result, we clarified the relationship between kawaii feelings and eye movement indexes and identified two new indexes: (1) number of transitions between AOIs and (2) number of matchings between last-eye-position illustrations and selected illustrations.
CONCLUSION
This article introduces our improvement of our previous study on the study of kawaii feelings using eye tracking. We experimentally used a web questionnaire system with an eye tracking system and used the cumulative results, the questionnaire results, and the recorded eye tracking data for analysis. We clarified the relationship between kawaii feelings and eye movements.
Females in their 20's tended to look longer and more frequently at more kawaii and their favorite illustrations. All participants tended to take longer to compare pairs whose kawaiiness was similar. The participants all tended to take one last look at the illustration they selected. Finally, all participants tended to focus on the head area when they first looked at the illustrations.
During this experiment, we faced some problems that might complicate collecting and analyzing eye tracking data:
• Identical illustrations were displayed at the same position during two consecutive pairs.
• The participants did not have default eye position before they started evaluating the illustrations.
• Some participants used a mouse instead of a keyboard during the selection of illustrations which might cause slower eye movements and increase cognitive workload for the hand-eye interactions.
• Ceiling light and sunlight affected to devices which failed to calibrate or track eye movements. Future work will improve our experiment based on these observations. We will collect a greater amount of eye tracking data for further analysis between kawaii feelings and eye movements.
